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IMPORTANT: Your attention i1s again called to the tact that
this 1s not an ordinary booke. It'z pages are scrambled in
such a way that it cannot be read or studled by turning the
pages in the ordinary sequence. To serve properly as the
gdidlng element in the Articulated Multimedia Physlcs Course,
thls Study Guide must be used in conjunction with a Program
Control equlpped with the appropriate matrix transparency
for this Lesson. In addition, every lLesson requires the a=-
vallabiilty of a magnetic tape playbeack and the appropriate
cartridge of instructional tape to be used,as slgnaled by
the SBtudy Gulde, in conjunction with the Worksheets that ap-
pear in the blue appendlx-section at the end of the book.

Many of the lesson Study Guldes also ¢all for viewlng a single

concept film at an indicated place in the work. These films
are individually viewed by the student using a speclal pro-
Jector and screen; arrangements are made and instructlons
are glven for synchronizing the tape piayback and the film
in eacn case.
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New York Institute of Technology
Articulated Multimedia Physics

LESSON 2
STUDY GUIDE SLIP SHERT

7P1eaqe correct STUDY GUIDE ag 1ndicated below before starting-on
this lesguon.

STUDY GUIDE TEXT: Page 62, second line from top. Change the
number 21,8 at the beginning of the line to 21.9 .

Page 66 last line inside the NOTEBOOK ENTRY
boxe Change 10,000 to 100,000,

-

STUDY GUIDE DIAGRAMS: Pageé 3, Figure 1, Draw a large "X" through
the diagram and write beneath it "see slip sheet", When you
reach page 33 refer to the corrected Figure 1 drawn below.

WORKSHEETS: No changes.

HOMEWORK PROBLEMS: No changese '

When the changes indicated above have been entered,.
you may begin Le,son 24
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Figure 1 (Drawn to double scale)
- NOTEBOOK ENTRY: At the end of the entries for this lesson,
add the followlng: -10

1 Angstrom Unit = 10 meter or
1 meter contains 100 Angstrom Units.



Aruitoxt provided by Eic:

i

' i
You may have measuted the length and width of a rcom to find the
largest size rug that would fit it. With a tape measure o: vardstick you
might have figured a 15 ft. length and a 10 ft. width, considering these
measurements sufficient. It would be useless to measure ro a degrre of
precision that wculd result in such precise dimensions as 15.13766 ft.

‘long and 10.88307 ft. wide. There are many occasions when a one- o~

two-figure answer for & measuced distance, time, or mass suffices.
Certain dimensions in science and ceuhnology. howcvex demand such
careful measurement that results st be expressed by numbers
containing as many as seven or elght tigures. For example, a bearing
for a delicate instrument may need a diameter measurement to the
nearest ten-thousandth ot a centimeter. It might happen that its final
measurement yields an answer of, say, 12.1336 cm.

The concepc of S££~_fiCant iigures is ccmmon in science and
engineerlng to give measurement prcper perspective in terms of
dimension measured and the precision of data taken. The experienced
eye can tell whether a length was measured with a centimecer rule, a
vernier caliper, a micrometer caliper, or a micrometer microscope. n
that order, these instruments -measure lengths with increasing precisipn.
In your work with significant figures you can express measurements with
great precision. Also, an understandlng of SLgnlfjcant flgures aids in
reading scientific articles or papers.

Please go cn to page 2.



Included in this lesson is a thorough reviéw of powers-of=-ten
notation and its special adaptation, scientific notation. Significant
figures and scientific notation go together like bread 'and butter: When
you galn facility with both techniques, your scientific work will be made
easier.

We have limited our discussion of scientific notation to methods of
writing measurements in this form with significant figures. Later, you
will lgarn how to manipulate numbers expressed as powers of ten.

If you wonder when we will start studying physics rather than
mathematical side issues, remember that you would not build the
framework of a house before its foundation was completed. Let's make
this foundation a good strong one.

\

Please turn to page 125 in the bliue appendix.



As an introduction to specifying precision through sipgnificant
figures, study figure 1. A small block of wood with straipht edges is to
' be measured by a centimeter scale or
rule, Using the "1" marker as the
A starting point, we can say that the
l CEN”H“N“ ﬁwag ;> length of the block is "slightly

4 2 greater than 2 cm."” But we can do bettear
nshid than this. The scale is calibrated
(subdivided) into smaller divisions.

Each of the smaller markers represents
_ . one millimeter (mm) or 0.l cm. There-
\ fore, we can say with certainty that
o ' the block is longer than 2.1 cm but
Figure 1. ] shorter than 2.2 cm,

Now imagine that each of the millimeter divisions is divided into
10_equal, smaller parts. These imaginary divisions are tiny ;ndeed,\but
your eye is sharp enough still to visualize them. Try to estimate how
many of these tiny imaginary divisions beyond the 3.1 marker are covered
before we reach the end of the block., Of course, each of the imaginary
divisions are 1/10 of a millimeter or 1/100 or a centimeter. Thus, if the
block extends, in your opinion, to the second imaginary division- beyond
the 3.1 marker, its length is 2.12 cm; if it extends to the sixth division
in your opinion, then the length is 2.16 cm; aad so forth.

What do you estimate the length of the block to be?

(D
A 2.12 cm
B 2.14 cm

C 2.16 em




. YOUR ANSWER --- A

Yo e

You are correct. According to rule 4(c), vou should carry our the
division to 1 significant figure more than the least precisc measurement,

then reund back to the same number of significant figures.

measurement in 866.38 divided by 27 is, of course, the 27. This has 2
significant figures. Hence, the division should be carried out to 3

significant figures and then rounded back to 2. Thus:

 866.38

—27—=32.1=§_2_

For review; perform the operations indicated in the following groups.
All the groups but one have-one or more significant figure errors. (You ‘
may assume that the arithmetic is correct in all of them.) Choose the

group that is entirely correct.

Groqg_i _ Group 2
43,1 + 16.336 = 59.4 1.87 + 0.586 = 2.46
6.885 - 3.1 = 3.8 5.5 - 3.276 = 2.2
12.8 x 7 = 89.6 . ‘0.454 x 51 = 23
866 4 12 = 72,2 ... . 635 % 12 = 53
125

A Group 1 is correct.

B Group 2 is correct,
i

' C Group 3 is. correct.

34.6 + 22.12

Group

W

56,7
0.866 - 0.5 = 0.366
2,823 x 51 = 140

¢.G63 + 0.1 = 0.63

The least precise



YOUR ANSWER ~--- B '

Right, "~All rules have been properly appliied. You'te ready for the
next step. . '

_ Thus far we have concentrated on numbers laxger than 1. But how
do we handle numbers smaller than 1 in scientiric notation? Consider the
number 0.1 or 1/10. This is actually the reciprocal of 10. In scientific

notation we would'write 0 1 as:

0.1 = 110 = 10 -1
_ The minus sign betore the exponent denotes that the '"10" has been
moved from the denominztor to the numerator. In other words, we have

changed the veciprocal (1/10) into non-fractional forxm {10~1y,

. Here are the sc‘entific—notation forms ot all the powers of ten from
0.1 (one-tenth) to 0.000001 (one-millienth).

0.1.= 10-1 ' A quick study of these expressions will
0.01 = 1072 - show immediately that you can find the
0,001 = 1073 value of the negative exponent merely by
0,0001 = 304 counting the number of places you must
0,00001 = 1072 move the decimal to the right to place it
0.000001 = 107®  after the "1."

Which one of the following is the proper expfessioh for one-billicnth?
(33) -
A 1077

B 1078



YOUR ANSWER -~~~ B

There 1is an error in the Afh item of the group. It should read:
6464.6 = 6.4646 x 10°

The decimal point was moved 3 places to the left, not 4 places.
This gives the power of ten a positive exponent of 3.

Please return to page 94 and select another answer.
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YOUR ANSWER —=-~ A

You are correct. TLxcellent work: It just happens in this case
that adding L to 299 vields 300. In this number, the 2 zeros after the 3
have just as much saignificance as any other dipits would have if they
were arrivad at uv a similar process of rounding back. However, by this

time you mu~. he somewhat bewildered. In a string of final zeros, how do

vou know which arc significant and which are not? Let's check. Uhen
numbels dare strung ount--like 300,000. km per sec--it is often impossible to
trll how many zeros are significant unless you know the process vhereby

the number was ohtained. But, when you learn how to write measurements

in powers of ten notation, you will discover that this uncertainty vanishes
completely! So let's wait a while for the answer to the 'zero" question.

Before continuing, please turn to page 127 in the blue appendix.

Some time back we promised you a simple rule for determining the
number of significant figures in any numerical expression. This rule applies
to all cases except the.one just discussed in which there is a striug of '
final zeros. However, the rule does apply even to this type of :umber when
it is written as a power of ten. ' '

NOTEBOOK ENTRY

2. Reading from left to right, the first digit that is not a zero is the
first significant figure. The next digit is the second significant ficure
even if it is zero, The next digit is the third significant figure even

if it is zero, etc.

Please go on to page 8.




We'll practice this rule on the following examples:

Number Sig. Fig. Number - Sip. Fip.
72.61 4 " 5,800 4
7.261 4 5.8 2
0.7261 4 0.001 1
0.726 3 5.001 4
0.7260 4 36.060 5
36,0 3 . 36.000 5

Finally, 62,000 cannot be analyzed for significant
figures in this form. It may have 2, 3, 4, or 5
“significant figures, depending on the process by

which it was obtained. |

dow trv wvour hand at using the rule. On scrap paper, compute all
of the examples in the groups below. Check vour answer against those
given, then respond to the choices that follow the groups.

No. Sip. Tigs. No. Sig. Figs. No. Sig. Figs.
0.3604 4 62,001 5 78.500 - 5
62,541 5 -1,000 1 1.0010 5
0.0805 3 0.0040 2 0.004 3

Which statement below is correct?
(15)
A Group 1 has one error.
B Group 2 has no errors.
C Groups 2 and 3 have one error each.

D Each group has one error.




YOUR ANSWER: === A

This is incorrect becuase, when we see 10 raised to the 6th power,
we visualize 100, The power tells you the number of times 10 mus:t be
written in the multiplicacion process. In this case, the power is 6,
so we have:

10 x 10 x 10 x 10 x 10 x 10 = 1,000,000

But we wanted to reach 100,000,000. Your answer is exactly 100
times too small. '

Please return to page 39 and select another answer.
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YOUR ANSWER ~-- A

We don't agree. To show you why ou? estimate differs from yours, we
have redrawn parc of the original figure in magnified form. Refer to Figure
2, 1If the edge of the block came all the way to the imaginary (dotted)
marker which is exactly midway between 3.} and 3.2, the length of the block:
would then be 2.15 cm. You will note that it falls short by, verhaps one

imaginary divisiomn.

- TMAGINARY

BT
MArKe -

Figure 2,

Thérefore, what was wrong with your estimate of the length of the
block as 2.12 cm? '

(2)
A My estimate was toc short,

B My estimate was tco long.




" YOUR ANSWER -~~~ C

No. You have the right idea about the position of the decimal ﬁoint,
but you didn't count correctly the places moved by the decimal point. Note:

6,450,000 = 6 . 4 50000 x 107
6564321

How many places to the left did you move the deéimal point to go
from 6,450,000 to 6.45? What should be the exponent of 107.

Please return to page 117 and select anc:her answer.



YOUR ANSWER =~~~ B -

You are ceorrect. As illustrated in the magnified view in Figure 2,
the block does not quite extend to the dotted miuway marker; thus it must
be shorter than 2,15 cm. It falls short by, perhaps, !l imaginary division;
hence its length is very zlose 1o 2.14 cmy '

-' S LNAKY
- TMAG-LNA

2.5
MARKE &
TR
e HIAGNIFIEA

Figure 2.

You will agree thar the last digit (rhe 4 of 2.14) is not all certain.
Since it is am estimate by eye, it is quite possible that two observers
would obtain different final digits; say, plus of minus 1. Regardless of the
possible %l error in the last place, such an estimate should be made in
every measurement you take. Certainly, the estimated length is more nearly
correct than a similar messurement made without estimating at all. -

‘ Suppose you tyry another measurement requiring an estimate for the
last digit. The plares used to print U. S. one-dolla: biils are held to
very close tolerances; on the green side of the bill, the word ONE right
across the center isg made up of letters whose heights can be depended
upon. Using exztreme care, and a magnifying glass if you have one, measure
the height of the letter E in the word ONE on a dollar bill. By estimating -
the last fraction of the millimeter, you can come up with a measurement to
the nearest 0.0l cm. Which of the following does your measurement approximate -
most closely? : :

(4)
A 1.91 ¢m
B 1.45 em

C 1.40 ¢em



YOUR ANSWER ~-~ A

‘You ére cofxect, One~billionth is one-thousandth of one-millionth.
It may be wriltten this way:

one-billionth = 0,001 x 0,000001 = 0. 000000601

Thus, the decimal had to be moved 9 places to the right to place
it after the "1." Hence the exponent of 10 is -9, yielding 107

NOTEBOOK ENTRY -
(topic 5)

(c) When a number smaller than 1 is to be written in scientific
- notation, move the decimal point to the right to place. it after
the first non-zero digit. The number of places moved by the
decimal point gi-es the correct negative exponent of 10.

e ot e e e

Study the following examples:
0.159 = 1.59 x 101
0.0652 = 6.52 x 1072

0.003386 = 3.386 x 1073
0,000942 = 9.42 x 10~4

Now can you express 0,074483 in gcientific notation? Whiéh is fight?
(34)
A 0,074483 = 7.4483 x 1073

B 0.074483 = 7.4483 x 1072

C 0.074483 = 7.4483 x 102



2 ' 1u
YOUR ANSWER.*-- C

We don't agree. To show you why our estimate differs from yours,
we have redrawn part of the original figure in magaified form. Refer to
Figure 2., If the edge of the block came all the way to the imaginary
(dotted) marker, which 1s exactly midway between 3.1 and 3.2, the length
of the block would then be 2.l15 e¢m. You will note, however, that it falls
short by, perhaps, one imaginary division,

LMAGINARY

AGNIFIER

Figure 2.

Therefore, what was wrong with your estimate of the length of the
block as 2.16 cm?

(3)
A My estimate was too long.

B My estimate was too short.



YOUR ANSWER =~= C

You are correct. We are ready for the rules governing multiplication
and division with attention to significant figures. In this case, we shall
state the rules for notebook entry first, then apply them to samples.

NOTEBOOK ENTRY

4. Multiplication or division with attention to significant figures:

(a) A product or quotient should generally (there are exceptions
but we shall ignore these) contain no more significant figures
than the number of significant figures in the least precise
measurement ., S

(b) In successive multiplications (such as length x width x thickness
' in finding volume) each intermediate product may be rounded
off so that it has 1 significant figure more than the least
precise measurement.

(¢) In division, the operation should be carried outr to ! significant
figure mere than the number of significant figures in. the least
precise measurement. Then it should be rounded off to the
same number of significant figures.

‘For illustration, let us find the volume of a block of wood that.
measures 10.36 c¢m long, 5.22 c¢m wide, and 2.61 e¢m thick. The least
precise measurement (either 5.22 cm or 2.61 cm) has 3 significant figures,
so we know that the final volume should have no more than this. Let us
first find the area of a major face by multiplying length X width; thus:
10.36 cm x 5.22 em = 54.0792 cn®.

According to rule 4(b) what should this area be rounded off to?

(22)
A 54.1 em?
B 54.08 cm?

C 54,079 cm?




YOUR ANSWER === C

ib

Group 3 contains 2 errors in significant figures.

34,6 + 22.12 = 56.7

0.866 - 0.5 = 0.366°

2.823 x 51 = 140

0.063 + 0.1 = 0.63

This one is right.

This one is wrong. The least precise
measurement is the 0.5, a I significant
figure number. The answer should

have but 1 significant figure after

the decimal. It should be 0.,4.

This - one is right.

This one is wrong. The divisor 0.! 1s

a l-significant figure number; hence .
the answer should have only 1 significant
figure; it shou~d be 0.6.

Please return to page 4 and select another answer.



YOUR ANSWER --- D

This 1s the first sample, not the fourth.

‘ Yoo must be guessing, because you should not get even one notehoolk '
- check selection wrong.

Here is the correct list again.

Number Sig Figs
L. 0.1006 4
2. 143.00 _ 5
3. 0.0601 3
4, 10.0 | 3
5.  4600.6 | 5
6.  672.115 6
7. 80004. . | 5
8. 0.00008 1

Please return to page 62 and select another answer.




YOUR ANSWER -~- B

- .

You are correct. Since the "57" portion of the decimal is greater
than 50, we drop it and add 1 to the remainder. Thus:

2.6 m
12.56 m
0.397 m

s

. 15.557 m = 15.6 m to the correct number of significant
figures. We rounded off because our result, according to the rules of the
significant figures, should have no more than one uncérrain diric. If we
had left it as 15.557 m, the result would have had 3 uncertain'digits
(5, 5, and 7). :

There is a faster and simpler way to do this. We can round off

the original lengths before addition.  This rounding off is carried back to

the precision of the least precise measurement—~in this case back to one
decimal place since the least prec1se measurement (2.6 m) has one decimal
place.

So, round off the above measurements and then add the resulting
~ numbers. What do you get as the sum?

(18)
A 15.4m

B 15.5 m

C 15.6m



YOUR ANSWER ——— A

You don't mean it. The volume product should not have more significant
" figures than the least precise of the original measurements. The least
precise measurements were 5.22 cm and 2.61 em. How many significant figures
does each of these have? Now count the significant figures in 141.1488.,
The answer is way off, isn't ic?

s

Please return to page 27 and select another answer.




e

YOUR ANSWER --- C

The idea was right, but the procedure was wrong. In rounding off
15.557, you simply dropped- off the "57" and were left with 15.5, You
can't do it that way becausc 57 is greater than 50.

Please return to page 105 and select another answer.




YOUR ANSWER =-= A

Remember this operation is a simple unit-to-unit conversion which
as we have shown cannot alter the precision of the original measurcment.
The distance was determined at 1.36 km; this ig correct to 3 significant
figures. Any change in units does not affecct the precision. Therefore,
the answer 1,360 m is also correct to 3 significant figures (1, 3, and 6.)

Please return to ;age 63 and select the right answer.

21



YOUR ANSWER --- C

The speed 186,272 mi per sec i1s a very precise figure containing
6 significant digits. 1In our problems, this number is too cumbersome
~and unnecessary in 1ts full torm We therefore round it off to 186,000 mi
per sec to make cur arithmetic in a problem easier to handle. This
sacrifice of the high precistion of the original number is not teally a
serious loss because the purpcse of a problem is to develop an understanding
of principles, rather than to find highly precise answers.

In replacing the digits "272" with "000," we are giving up cur
6-significant figure accuracy in favor of simplified arithmetic expressicn.
But in deoing sc, we must recognize this act by noting that we have now
reduced the number of significant figures fiom 6 tec 3.

Please return to page 57 and select another answer.



YOUR ANSWER == B

You're not giving the rules proper attention. Rule 4(c) states that
the division process should be carried out to 1 significant fipure more
than the number of significant figures in the least precise measurement.
Then round off to the same number of significant fipgures. In selecting
your answer, you did not follow this rule.

Please return to page 92 and select another answer.
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YOUR ANSWER === B

You are correct., When the student presents this answer, the
teacher will know that 4-significant figure precision has been maintained
He will recognize that the last two zeros simply intorm him there wvere
ne hundredths o: tenths of grams lileft over,

Let's see what we have so ‘far:
1.36 km converted to meters = The 0 is not significant: it shows
1,360 m _ . vhere the decimal point is located
{(undexstood at che end of the number).

708; 1,064; 65,008 All these 0's are significant. They
are not decimal locaters; they zre
important digits.

14.0 sec ; . This 0 is significant; it points out
' that the precision extends to tenths

of seconds.

37.00 g . Both 0's ave significant; they show

that the precision extends to hundredths

of grams,

llow about the zeros in this operatioun? A king-size cigarette is

-8.45 cm long. To express this length in meters, we divide 38.45 by 7100

and obtain 0.0845 m. (A zcro is alvavs nlaced before a decimal number's

point to emphasize that the dscimal is veailly there. This zoro is never
significant.) PBut is ghe .sccond zero—--0.0845~-~significanc?

(12)
A Yes.
B Wo.
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CORRECT ANSWERS:

0.1006 4 sig fig 4000.6 5 sig fig Check your notebook answers.
143,00 5 sig figp 672.115 6 sipg fig =  FErrors should be tracked
0.060F 3 sig fig 30004.. 5 sig fig down by applying the rule.
10.0 3 sig tig 0:00008 1 sig fig

Now that ycu have learned to determine the number of significant
figures in a measurement, we shall want to estahlish two saimple rules
that govern arithmetic operations on significant figures. One of these
rules governs multiplication and division; the other governs addition
and subtraction., We'll start with addition and subtraction.

Fitst, remember that you can't add or subtract measurements unless
they are in the same unit, That is, you can add any number of mass

‘measurements if they are all in kg, any number oi length measurements it

they zre¢ all in m, and any number of time measurements if they are all
in sec. But you can't add kg to m or sec.

To see how significant figures are handled in addition, let's take
an example. Suppose vou were handed a sheet of paper with the following
length measurements on it: '

2.6 meters
12.56 meters
0.397 meters

lecaliing that the last figure in any measurement is uncertain, we
recognize that the "6' in 2.6 is uncertain, the "6" in 12.56 is uncertain,

and the """ in 0.397 is uncertain. Add the numbers as they now stand.
What is the sum? '

A 14,557 meters.
B 15.457 meters.

¢ 15.557 meters.

N



YOUR ANSWER =-~-- B

You are correct. In this intermediate step, we folliow rule 4(b)
which state that the intermediate product should be rounded off to one
significant tigure more than the least precise measurement. The least
precise measurement has 3 significant figures (5.22 or Z.6i cm): hence the
intermediate product should have &4 significant figures, or 54,08,

It is particularly interesting to notice what happens to the resuit

. 1f a slight error 1is introduced into the figures used. Since the last digits
of 10.36 and 5.22 are uncertain, it is possible that we should have used
10.37 and 5.21., If these numbers are multriplied, the result is 54.0277.
Rounding chis number off to & significant figures gives 54.03. .This could
make & difference of 1 in the third significant figure, thus making the

third figure uncertain. The error is compounded when such a result is
further meltiplied by & measurement having a possible ervrox.

Please go on to page 27.



We want te find the volume of the block from 10.36 cm x 5.22 cm X
2.61 em.  We have already found the intermediate product (10.36 x 5.22)
to be 54.08 cm?, All we need do now is multiply 54.08 em x 2.61 cm,
When this is done we obtain an answer of 141.,1488 cm”.

What would you say about this answer regarding the proper number
of significant figures?

(23)

A  The amswer, volume = 141.1488 cm3, has too few significant.'
fipgures., '

3

B The answer, volume = 141.1488 c¢m”, has the correct number of

significanc fipures.

A

C The answer, volume = 141.1488 cm3, has too many significant
figures. '




YOUR ANSWER -=-=D

Groups ? and 3 have one error each, but there are no errors in
Group 1. Check the analysis below:

Group 1
not
counted st 2nd 3rd 4th 5th _
0. 3 0 6 4 Marked correctly as 4 sig figs.
6 2 5 4 1 Marked correctly as 5 sig figs.
0.0 8 0 5 Marked correctly as 3 sip figs,

Check carefully on the number you theught was in error according
to the marked significant figure count. Be sure you understand why vou
made your mistake,

Please return to page 8§ and select another answer,




YOUR ANSWER --- B

‘ 7
10 raised to the 7th power is written 10°, The exponent "7" tells
us that L0 must be written down 7 times in the multiplication process.
Thus, 107 means: :

10 x 10 x 10 x 10 x 10 x 10 x 10 = 10,000,000

But--since we wanted the operation to yield 100,000,000 your answer

is 10 times too small.

Please return to page 39 and select another answer.

29



YOUR ANSWER =--- B

Your addition is in error. You forgot to "carry' in the tenths
column.

Please return to page 25 and select another answer,



YOUR ANSWER --- A

You are correct. Since tlhe least precise measurement (18.37 g)
contains 2 decimal places, all other measurements should be rounded oft
to 2 decimal places.

18,37 g —m——e 18.37 ¢
7.160 g -~==—- 7.16 g
5.432 g ——e=- 5.43 g
3.8624 g ——=—m 3.86 g

34.82 g

Subtractions are handled in exactly the same wzy.

.

tos

P

NOTFBOOK ENTRY

3. Additicn or subtraction with attention to significant figures. ‘
(a)  Convert.all measurements to the same unit,
(b) Locate the least precise measurement (fewest number of decimal
places}. Round off all other measurements to the same number
of places.

{c)} Add or subfrract the rounded values.

{d} TFcr addirion or subtraction, the result should have the same
number of decimal places as the least precise measurement.

Do the fellowing subtraction with attention to significant figures.

43.6 cm
- 21,862 cm

‘What is the best answer?
(20)
A 21.738 cm

B 2i.7 cm




YOUR ANSWER “—- B

You're guessing. That's not the recorded figure.
review the notebook entry.

Please go on to page 33.

You had better

32



Look at the addition example below., Since the least precise
measurement (18.37 g) contains 2 decimal places, all other measurements
should be rounded otf .to 2 decimal places.

18.37 g ———m- 18.37 g
7.160 g ————- 7.16 g
5.432 g === 5.43 g
3.8624 g ————- 3.86 g

34.82 ¢

Subtractions are handled in exactly the same way.

NOTEBOOK ENTRY

3. Addition or subtraction with attention to significant figures:
(a) Convert all measurements to the same unit.
(b) Locate the least precise measurement (fewest number of decimal
places). Round all other measurements to the same number of
places.

(¢) Add cr subtract the rounded values.

(d) For additirn or subtraction, che result should have the same
number of decimal places as the least precise measurement.

(Also copy the addition example above as an illustration of the way this
operation is handled with regard to significant figures.)

Please retutn to page 93 and select another answer.




YOUR ANSWER —-- A

This had to be a slip! We had re-emphasized that you carnot show
the desired number of significant figures merely by stringing zeros out in
a line. When you write '"5,000 ft." without any qualifying statement, nobody
can say for sure whether this number contains 4, 3, 2, or 1 significant
figures.

Please return to page 102 and select another answer.



2 ‘ 5
YOUR ANSWER --- B

You have corxrectly added the two zeros to the coefficient to indicate
that there are 3 significant figures, but you have figured the exponent
incorrectly. How many places did you have te move the decimal point
to change 300,000 to 3.00? This will tell you how to correct the exponent.

Please return to page 115 and select another answer,



O

ERIC

Aruitoxt provided by Eic:

YOUI' ANSWER —--- 1

Try again. In ocur determination of the width of the dollar bill, we
arrived at an answer of 6.57 cm. We recognized that this result contained
3 significant figures, since each one of the digits told an important part
of the story. Even the last figure, the uncertain one, is still to be
considered significant since it contributes to the possibility cthat the

oA ML S A) . 3
me.surement will approach rvhe true wilith more closely.

The length of the bill 1s 15.38 c¢m. For exactly the same reason,
all of these digits are significant, even the last uncertain one.

Please returr. to page 109 and select another answer.



This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information.




YOUR ANSWER —--- A

Incorrect. The precision as originally established by the actual
.measuring instrument 1is 135.77 cm, correct to 5 significant figures.
Once this measurement has been made, there is nothing vou can do to
change its precision. Going from cm to m by dividing by 100 merely
changes the unit expressing the answer. Since the number of significant
figures is fixed, the precision remains the same.

Please return to page 91 and select another answer.
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YOUR ANSWER --- A

Right! 1t pays to keep an accurate notebook.

Bafore continuing, please turn to page 128 in the blue appendix.

This brings to a ciose the formal lesson on significant figures.
You will make use of these understandings every time vou do a numberical

problem in physics.

As we mentioned in the introduction to this lesson, the next part of

our job 'is to review powers of ren and scientific notation. This subject
is included in most elementary algebra courses in high school, but you mayv
ime ago. A review certainly should be helpful.

have studied it some t

The power toc which any number is raised tells you how many times
the number is to be multiplied by itself. For example:

As you see, the
you how many times you
Thus, the ey»cnent 3"

"x"" signs between each

10% means 10 x
103 means 10 x
10% means 10 x
105 means 10 x

10
10
10
10

X
X
X

nunerical value of
must write the "!0" in the mulciplications process.
in 107 tells you to write 10 three times and place

of chem,

100

10 = 1,000

10 x 10 = 10,000

10 x 10 x 10 = 100,000

the power (the exponent) informs

To what power must 10 be raised in order to yield 100,000,0007?

(27}
A 6
B 7

(@]
(o]
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YOUR ANSWER --~ B - | N

\

Your exponent is wrong. Ten billion is ten times a thousand million,
Let us first write it out with all its zeros.

10 x 1,000 x 1,000,000 = 10,000,000,000,

Now count the zeros. Since the number of zeros should tell you
the value of the exponent, you can see why your selection was wrong.

Please return to page 106 and select another answer,




YOUR ANSWER === A

Sorry! When you replace significant digits with zeros, such as
186,272 by 186,000, to obtain an approximation, you reduce the precision
of the original number. The word "approximation” signifies less precision.

You must show this reduction in precision by including fewer significant

figures in your answer,

Please return to page 57 and select another answer.
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YOUR ANSWER ~-— B

Incorrect. One—Billionth is one-thousandth of one millionth. It
can be written this way: -

one~billionth = 0,001 x 0.000001 = 0,000000001
How many places to the right must the decimal be moved to place

it just to the right of the "1"? This will give you the wvalue of the
exponent of 10. .

Please return to page 5 and select another answer.



YOUR ANSWER ~--- A

Make the measurement again. You are misreading the number of
millimeter divisions beyond the l-cm -length. )

Please return to page 12 and select another answer.
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YOUR ANSWER --- C

You missed the point. The measurements should be rounded off
to the same number of decimal places as the least precise one. The
least precise measurement given is 18.3/ g. Since this has only 2 decimal
places, all other quantities should be rounded off to 2 decimal places.

Please return to page 89 and select ancther answer.

1w
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YOUR ANSWER --- B

In order for the block to be 2,12 ¢m in length, its edge would have to
fall short of the dotted imaginary marker by much more than it does.
Actually, the edge falls short by about 1 imaginary division. To yield
an answer of 2.l2 em, the edge would have to fall short of the dotted marker

by 3 imaginary divisions.

MAGINARY
. 1Y
Mb K E&

)
BLock

—MAGN IFIE [~

Please return to page 10 and select another answer.




YOUR ANSWER —--- A

There are no errors in Group 1. Check the analysis below:

Group 1
not .
counted lst 2nd 3rd 4th 5th-
0. 3 6 0 4 Marked correctly as 4 sig figs.
6 2 5 4 1 Marked correctly as 5 sig figs.
0.0 38 0 5 .- Marked corcectly as 3 sig figs.

Check carefully on the number you thought was in error according
to the marked significant fisure <cunt. HBe sure vou understand why you
made your mistake. '

Please return to page 8 and select another answer.
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YOUR ANSWER ~--- A

You rounded off two of the measurements incor:éctly, The quantity
2.6 needs no rounding off: the quantity 12.56 should be rounded off to
£2.6; the quantity 0.397 should.be rounded off to 0.4.

Please return to page 18 and select another answer.

0nr



YOUR ANSWER -~~~ D

Your choice is incorrect. To arrive at 3.655 from 3,655,000 you
had to move the decimal point 6 places to the left, not 7. Hence, the
exponent should be 6 and the number should read:

3,655 x 106

Please retuyn to page 60 and select another answer.



YOUR ANSWER --- B -

For the block to be 2.16 e¢m in length, its edge would have to extend
beyond' the dotted imaginary marker. But the edge falls short of the
midway marker; hence your answer is inaccurate.

TMAGINALT

BLOCK - .
. MAGN | FIE -

Figure 2,

Please return to page 14 and select another answer,
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YOUR ANSWER =~- B

There is an error in‘Group 2. Notice:

Group 2
not
counted lst 2nd 3rd 4th 5th .
6 2 0 0 1 5 sig figs--right.
1 0 0 0 ERROR-~This group 1is labeled 1 sig fig.
Actually 4 sig figs.-
0.00 4 0 2 sig figs-~right.

Note that each of the zercs in 1.000 is significant. This kind
of result indicates that the instrument was'sufficiently precise to read
to 4 significant figures but that the tenths, hundredths, and thousandths
places all happen to be zero.

"Please return to page 8 and select another answer.



2 51

YOUR ANSWER === A

Incorrect. If you had been asked to write 600,000 as a power of ten,
your answer would be acceptable. However, you were asked to write it
in scientific notation, which requires that the coeffilcient should have only
1 digit before the decimal point. Lock apgain at the ‘expression you chose:

6N0 x 107

In this expression the decimal point is understood after the last zero
P p
in "600" or: '

600, x 103 /

Thus, you have placed 3 digits instead of 1 before the decimal point.

Please return to page 97 and select another answer.
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YOUR ANSWER ~-- B

\

) \
You are correct. The original measurement (1.36 km) contains 3
significant fipures. When the expression is changed to meters, precision
Thus, 1,360 m is correct to 3 significant figures and the

is unaltered.
final zero is not counted as a significant figure.

NOTEBOOK ENTRY

Lesson 2

SIGNIFICANT FIGURES

1. The number of significant figures in a measurement is determined by
the precision of the measuring instrument. Converting a measurement
from one unit to another in the metric system does not alter the number

of significant figures nor the precision of the measurement.

Just because the final zero in our example turned out to be.

insignificant, you must not think that all final zeros fall. inte this
Later we will give you .a simple rule for determining

classification.
For the present, do not

the number of significant figures in any number.
worry about the status of final zeros.

As the next step in our study, let us consider an example where a
How many significant

zero appears in the answer, but is not a final zero.
figures would you say are contained in_ the distance 304 meters?

(9
A Tﬁree.

B Two.



YOUR ANSWER «=-- A

By stating that the width of his dollar bill is 6.584 cm, your friend
has given a result in four significant figures. A greater number of
significant figures, when correctly obtained, implies a greater precision
not less precision. The question is: Did he make the measurement properly?

Please return to page 73 and select another answer.

(O%]



YOUR ANSWER == A

You've gone too far. We uld say that the least precise measurement
contains 3 significant figures (5.22 e¢m or 2.61 e¢m), and vou proceeded to
round the intermediate step to the same number. Now look at rule 4(b).
This says that you are to round back the intermediate product to 1
significant figure more than the number in the least precise value. You
went beyond this, didn't you?

 Please return to page 15 and select ansther answer.

~



YOUR ANSVER =—- B

~Not according to the rulesg If you multiply 54.08 cm2 by 2.6 cm,
you do get the answer 141.1488 em”. But if we retain all these digits in
the answer, we give the impression that only the last "8" is uncertain.
This is not true. The volume product should have no more significant figures
than the least precise of the original measurements. The least precise
measurements were 5.22 cm and 2.61 em. How many significant figures does
each of these have? Compare this with the number of significant figures
in 141.1488 em>, So, the answer you selected cannot be right.

Please return to page 27 and select another answer.




YOUR ANSWER ——- C

This answer still lacks something. The original weight was measured

to 4-significant figure precision. .Removing 0.43 g of sugar does not
change the ability of the halance to measure to 4 significant figues. Why
express the result to only 3 significant figures? This way, the teacher
would think the student hadn't bothered to estimate to the hundredth of

a gram,

Please return to page 70 and select another answer.



O

ERIC

Aruntoxt provided by Eic

YOUR ANSWER --- B

You are correct. Good thinking! You remembered to apply the rule
that unit conversions do not affect the precision of the measurement.
So here we see a circumstance where a zero after a decimal point is not
significant, - Remember the timing example in which the zero after the decimal
point in 14.0 sec was significant? How are we going to state a single
rule that takes care of all these cases? You'll see. '

In 1955, the speed of. light was measured as 186,272 miles per
second. This determination has 6-significant figure precision. For our
purposes in physi<s, we should like to round this fipgure off to 186,000
miles per second. What about the 3 final zeros in this operation? Are
they significant? ' :

(13)
A Yes,
B No. )

€ I'm not sure.

<

¥



YOUR ANSWFR —--- C

You didn't go far enough. An intermediate step such as this should
be rounded off to ! significant figure more than the least precise measurement.
The least precise measurement {(5.22 cm or 2.6l cm) contains 3 significant
figures, so the area step should be rounded off to 4 significant figures.
You rounded back to 5. - ‘ '

Please return to page 15 and select another Answere



YOUR ANSWER —-= A

You have added incorrectly. You forgot to

‘carry" in the units
column. '

Please return to page 25 and select another answer,



YOUR ANSWER --- B

You are correct. The decimal point must be moved & places to the
left in order to go from 6,450,000 to 6.45; hence he exponent of the
"10" is 6.

~

NOTEBOOK ENTRY
" (topic 5)

(b)° When a number greater than 1 is to be written in scientific
notation, move the decimal point to the left, if necessary
to place it immediately after the first digit. The number of
places moved by the decimal point gives the correct positive
exponent of 10,

The list below presents 4 numbers and theif“equivalents in“scientific
notation. Only one of the items in this iist is entirely correct. Which
one is it? ' ’ : .

(32)
A 5,430 = 54,3 x 10%
B 72,800 = 7.28 x 10%
c 35 = 3.5 x 109
D 3,655,000 = 3,655 x 107




This page has been inserted to maintain continuity of text.
not intended to convey lesson information.

It is
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YOUR ANSWER —~-- B

: You are correct, 43.6 cm - 21,862 cm rounds off to . 43.6 cm -
21.8 ecm, which turns out to be 21.7 cm.

A et
oy

NOTEBOOK CHECK

Refer to item 2, Lesscn 2, This is the rule for determining the number
of significant figures in a measurement. Under this is a group of samples.
The fourth sample of the group is: : o

‘ (21)
A 4000.6 5
B 672,115 6
C 10.0 3

D 0.1006 4




2 ' : 63
YOUR ANSWER —-- B

You are correct. As we pointed out, the precision of a measurement
in terms of significant figures depends only upon the measuring instiument
and never upon the particular unit being used. In going from ceantimeters
to meters, we merely change our unit system. We do not affect the
precision because this was originally established by the type of measuring
instrument used. Thus, despite the fact that 1.3577 is correct tuv the
fourth decimal place compared to 135,77 which is correct to the second
decimal place, the two expressions have exactly the same precision since
both contained 5 significant figures,

Try another example with a slightly different twist to check your
understanding. The distance between two houses is measured as 1.36 km.
This figure is then converted to meters by multiplying by 1,000, The
answer is 1,360 meters.

" Here is our questiocn: Is the zero in 1,360 counted as a significant
© figure?

(8)
A Yes,

B Ne.



YOUR ANSWER —--- A

Your counting 1is faulty. How many places did you move the decimal
point to go from 0,074483 to 7.44837 You moved it 2 places, right? Then
why show an exponent of -3?

Please return to page 13 and select another answer.-
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YOUR ANSWER --- A

Somehow you missed the point in our last discussion. In this
particular number, all the figures are significant whether they appear
before or after thc decimal point. Very shortly we will develop a few
"simple rules. for determining the number of significant figures in any
number, but in cthis case our judgment of the number of significant figures
is not complicated enough to require any special ruie.

Please return to page 109 and select another answer.



YOUR ANSWER ~--- A

You are corxiact. The coefficient had 3 significant figures (3.00),
and the .xponent is correct.

NOTEBOOK ENTRY

(topic 5)

(d) The number of significant figures in anf measurement is given
bv the number of digits in the coefficient, including all zeros.

Examples

5.00 x 102 = 5,000, in which the first 3 digits are significant.
710.00 x 10 = 7,100,000, in which the first 5 digits are significant.
1.000 x 10° = 10,000, in which tre first 4 digits are significant.

Please go on to page 67.




-

2 ‘ , ‘ 6?7
Pisase go %o the Woerksheet on pageil® for the Llast audlo tape,

*You have now completed the gtudy portion of Lesson 2 and youy
Study Guide Computer Caxd and A V Computex Card should be propetly punched
in accordance with your peviormance in this Lessoun.

You should now proceed to complete your homework reading and problem
assignment, The preblem scliutions must be cleariy written out on 8%" by
11" yuled, white paper, and then submittea with your name, date, and iden-
titication numbexr.  Your instructox will grade your procblem work in terms
of an cbjective pyeselected srale on & Problem Evaluation Computer Card
and add this resulr to your computer piotlle.

You are eligible for the Post Test for this Lesson only after your
homework problem sciutions have been submitvred. Youw may chen request the
Post Test which 1c to be answered on a Post Test Compuiter Caid.

Upcn completicn or the Post Test, you may prepare foz the next Lesson
by requesting whe sppropriate:
i. soudy guide
2. program contycl matrix
3. set of computer <cards for the lesson
4, audio tape

1f films or other visual aids are needed for this lesson, you will
be so informed when you reach the point where they are required. Requisi-
tion these aids as you veach zhem. ) -

Good Luck! .

O

ERIC

Aruntoxt provided by Eic



YOUR ANSWER —-- B

You didn't round off far enough. The least precise measurement
is 18.37 with 2 decimal places. Therefore all the measurements should
be rounded off to 2 decimal places and then added.

" Please return to page 89 and select another answer.
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This page has been inserted to maintain continuity of text. It is
not intended to convey iesson information.
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YOUR ANSWER —=--~ B

You are correct. The zero after the decimal point is added for a
specific purpose: It .shows that the watch can measure to tenth-of-a-second
precision but, in this particular case, there were no tenths left over.

, Try this one. A physics student measures a mass of sugar by means
of a pan balance. Since this balance can determine masses to the nearest
hundredth of a gram, he uses this capability and obtains a mass of 37.43
g. Now, carefully and slowly he removes sugar grains one by one until he
has subtracted exactly 0.43 g. How should he record the resulting mass of
sugar still left on the balance if he wants to inform his teacher of the
precision to which he has worked?

11y
A 37 g.
B 37.00 g.

c 37.0 g.



YOUR ANSWER -~-~ D

That's not the answer.

Please go on to page 72.

You had better review the notebook entry.

71



Look at the addition example below. Since the least precise
measurement (18,37 g) contains 2 decimal places, all other measurements
should be rounded off to 2 decimal places,

18.37 g ——-=- 18.37 g
7.160 g ————- 7.16 g
5.432 g ———~- 5.43 g
3.8624 g ———me 3.86

34,82 g

Subtractions are handled in exactly the same way.

72

- » NOTEBOOK ENTRY

3. Addition or subtraction with attention to significant figures:
(a) Convert all measurements to the same unit.
~(b) Locate the least precise measurement (fewest number of decimal
places). Round all other measurements to the same number of
places.

(c¢) Add or subtract the rounded values.

(d) For addition or subtraction, the result should have the same
number of decimal places as the least precise measurement.

(Also copy the addition example above as an illustration of the way thls
operation is handled with regard to significant figures.)

Please return to page 93 and select anotiuer answer.




YOUR ANSWER --- B

You are correct. Perhaps your measurement was as low as l.43 cm
or as high as 1.47 ecm. This does not mean inaccuracy on your part. It
may be that your rule differs slightly from ours, or that the plate used to
print your bill had a slight variation. It is important that you recognize
that each of tHe 3 digits in 1.45 is meaningful or significant. Although
the 1 and 4 are absolutely certain, the 5 is uncertain but still significant
~ because it brings the answer closer to greater precision.

Widths and lengths of dollar bills are not quite so uniform.
Nonetheless, we would like you to measure the width of your dollar bill
‘to the nearest 0.0l cm and write the answer. We have measured our
dollar bill and find it to be 6.57 cm wide. Although this may not match
your measurement exactly, the two should be close. Certainly, your
answer should have the same number of -significant figures; 3 all told.
Next, let us imagine your friend measures the width of his dollar bill
with your rule and announces that its width is 6.584 cm. Which of the
following would be the best answer to give him?

(5)
A "You have not measured with enough precision."

B '"You are getting better precision with the rule; you were
probably more careful than I was.”

C "Your answer has 4 significant figures; it is not possible
to read the rule with this precision.”



YOUR ANSWER --- A .

The difference you obtained is correct except that no attention was
paid to significant figures. Read the rule for subtraction in you: nctebook

with attention to signif .ant figures.

Please return to page 3! and select another answer.



YOUR ANSWER === A

You are correct. In order for the block to be 2.12 cm in length,
its edge would have to fall short by much more than it actually does.
Hence, the estimate of the length of the block should yield an answer that

is greater than 2.12 cm.

TMAGINARY
305
MAME/%

(32)

—— MAGNIFIE 1T

Figure 2.

You should have enough information now to return to the question
you missed earlier. Please return to page 3 and select another answer.
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YOUR ANSWER ==~ C

You slipped upi Th~ decimal point was moved to the E}gﬁ . This
calls for a negative exponents Your expouent is positive, which means
that your answer, 7.4483 x 10~ = 744.83, This is not.0,074483,

Please return to page 13 and select another answer.
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YOUR ANSWER —-- A

You are correct. A zero in a whole number which falls between
two other non-zero digits, as in 708, 1,064, and 613.077 is just as
informative as any other digit in the sime place. ' Hence, such zeros
are significant; The same is true of more than one zero, as in 2,008 or
456,002, All these zeros are significant. Does it sound complicated?
Dou't be overly concerned with the question, "When is a zero significant
and when isn't it?'" - We shall soon give you a simple rule for answering
this question. We are interested now in having you understand each
example as we come to it; don't try to remember every one of these as
a special case.

- A student has a stop watch cépable of measuring time intervals tc
the nearest tenth of a second. He times three of his friends in a 100-
meter dash and obtains this data:

B9§ A -~ 14,6 gec ;' . Boy B -- 14.3 sec | - Boy C -- 14.0 sec

You will agree, of course, that there are 3 significant figures in
Boy A's time, and 3 significant figures in Boy B's time. But how many
significant figures are there in Boy.C's time?
(10)
A Two.

B Three.



YOUR ANSWER =-~- R

You are correct. In replacing the digits '"272" wich '"000," we give
up the original 6-significant figure precision in favor of simplified
arithmetic expression. At the same time, we recognize we now have reduced
the precision to only 3 significant figures and the zeros cannot be counted
as significant. ' ’

As our last example, we are going to deal a low blow. In 1955,
Beardon and Thomson published the latest value for the velocity of light
in the metric system as 299,792.8 km per sec. (Note this is km, not ma
per sec.) This value has /-significant figure precision., We should like
to round it off to 3 significant figures just as we did for the speed of
light in mi per sec. Noting that the last four digits (__ 792.8) as a group

is larger than 500, we have to add’l.to the first 3 digits, and then replace
792.8 with 000,

Thus, 299,792.8 km per sec rounded off to 3 significant figures:
becomes 300,000 km per s=2c., From our previous experience, -7e know that
the last 3 zeros (that is, 300,000) are not significant. But, are the
first 2 zeros significant or not? (that is, 300,000)

(14)
A Yes.

B No.



YOUR ANSWER ==~ C !

Your choice was not right. As we shall prove later, arny number
raised to the zero power such as 100 is equal to 1. Thus, this answer
says that 35 = 3,5 x 1 = 3.5. This is incorrect, of course. ‘

Please veturn to pzje 60 and select another answer,
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YOUR ANSWER --- B

You rounded otf one of the measurements incorrectly, The quatit LTy
2.6 m needs no rounding oft; the quantity 12.56 should be rounded oif to
12.6; the quantity 0.397 should be rounded off to 0.4.

Please return to page 18 and select another answer.



YOUR ANSWER --- B

‘But was he? You have measured the width of a dollar hill. You
undoubtedly had a bit of trouble estimating the third significant figure
even with the help of a magnifying glass. Can you imagine any human
‘being with eyesight sharp enough to estimate to the nearest thousandth
of a ¢m with an ordinary rule? Of course not. ~You must conclude that -
your fﬁiend either place his decimal in the wrong place or is completely
in errdr in reading the scale.

Please return to page 73 and select another answer ¢



\,
YOUR ANSWER —-= A ’

This answer contains two errors in thinking. First, the sum
15.557 m suggests that all digits are certain except the final "7."
This is incorrect and misleading. Secondly, ‘there 1s something we can do
about it! Think a bit. What do we generally do with any measurement
which, for one reason or another, contains more digicrs that we want?

Please return to page 105 and select another answer.

9 o]
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YOUR ANSWER -~- B

You didn't count the zero as significant, but you should have.
Suppose the distance had been 314 meters or 354 meters: wouldn't
‘you have counted the "1" and the "5" in these measurements as
significant? Of course. Well, the zero in 304 is just as significant
as the '"1" or the '"5" in the other numbers. A zero in the middle ot a
whole number like 304 or 7083 or 16,607 is just as significant as any
other digit. The same is true of a measurement like 5,008 gm or 309
hours. All such zeros are significant.,

Please return to page 52 and select another answer.



YOUR ANSWER —-- A

This item is not correct with respect to the conventions of scientific
notation, It should be written: 5.43 x 103, ‘

Please return to page 60 and select another answer.




YOUR ANSWER —-- When rounding .off 298,792.8 to 3-significant figure
precision, the result whould be 299,000.

Now, this is the result you.might expect. You had 7 significant
digits in the first.place; you dropped 4 of these, replacing them by zeros,
and added 1 to the opening group of 3 digits to obtain 299,000 km per sec.
You will agree that all 3 of the digits in this answer (2, 9, and 9) are
significant.. )

Is there any rcason to think that 1f these first 3 digits happen to
round out to 300, as 1@ 300,000 km per sec, that all three digits (3, O,

and 0) arc not significant? .Nature doesn't play favorites like this, not

even with numbers!
This is an unusual set of circumstances. It leads tc a rather

. contradictory result: Sometimes we count zeros in a string as sigpificanc
and sometimes we don't. We hope to clarify this shortly.

Please return to page 78 and select another answer.



YOUR ANSWER --~- B

* You mad2 an incorrect choice. There is an error in the first
~member of this group.

30,000 should be written as 3 x 104,

Remember that, in scientific notation, the coefficient must be
expressed as « single digit before the decimal point whether the latter
is expressed or implied.

Please return to page 1lll1 and select another answert,
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YOUR ANSWER === A

You are correct. For the block to be 2,16 cm in length, its edge
would have to extend beyond the dotted midwav marker. Thus, the actual
- length of the block must be less than 2.15 cm, not more than this figure,

W///' e

Broc ik

SMAGNIFIE

Figure 2,

-

-
You should have enough information now to return to the question
you missed earlier. Please return to page 3 and select another answer.



YOUR ANSWER -~- C

You are correct. TIn Group 2, the number 1.000 is indicated as
having only 1 significant figure. Since all three zeros in 1.000 are
"significant, this number has 4 significant figures. In Group 3, the
number 0.004 is shown as having 3 significant figures. This is incorrect
since not one of the zeros is significant according to our rule.

llow many significant figues are there in each of the following?
Copy this list into your notebook under the rule for significant figures.
Write your answers lightly in rencil until you have checked them against’
our answers. '

. NOTEBOOK ENTRY

Number Sig. Figs.

0.1006--—-———=——

~

Please turn to page 25 to obtain the right answers.

[———




YOUR ANSWER =-- C

" You are corr2ct. You've gotten the idea. Now, for practice, add
the column of figures below and express the result in the proper number
of significant figures.

18,37 g
7.160 g
5.432 ¢

'3,8624 ¢

Y

- The sum is: -

(19
A 34.82 /g_\
B 24,824 g

C 34.3244 g




'YOUR ANSWER ==~ C

The errors in this group occur in the second and third members.

-.2,000 should be written as 2 x 103,
90,000 should be written as 9 x 104.

Remember that, in scientific notation, the coefficient must be

expressiad as a single digit before the decimal point, whether the 1a;ter'

is written or implied.

\

Please return to page 111 and select another answer.,
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YOUR ANSWER --- C

You are correct. The first 3 digits (1, 5, and 5) are absolutely
certain; the last digit (8) is uncertain but is still siinificant. Hen:e
the number 15.58 has 4 significant figures.

Refore contihuihg, please turn to page 126 in the blue appendix.

30 you see that a given measuring instrument can give varying
numbers of significant figures cependinz upon the magnitude of the
dimensions heing measured. The length of the bill is great enough to
enable the rule to provide 4 significant figures. .Put a larger object,
such as a table-top, might yield the result 135.77 c¢m, thus expressing
the length to 5 significant figures.

The precision of a measurement in terms of significant figures
depends only upon the measuring instrument and never upon ihe particular
unit being used. Consider the table-top measurement of 135.77 em. 1If
we wish, we can express this length in meters by dividiag the number hy
100. Hence, the length of the table is 1.3577 meters. Now let's think
clearly. Did the simple process of division by 100 increase the precision
of the measurement?

7y
' - A Yes. ‘.
B No.

C I'm not sure.



YOUR ANSWER -~~ C

You are cortetct. In this particuiar problem we saw that the least
ptecise measurements had only 3 signiticant fipures. Thererore, according
to ruie 4(a), the finai product should have no moze than 3 signiticant
tigures. But the answer, volume = lu41.1488 cm3, 1s misleading because
1t indicates 7 significant fipguies.

Rounding this fipgure ciz t0 3 sipnificant figures hieids the answer:
voiume = }41 cm?. This is zorrect.

Most students have an uncomfortable feeling about a resuit 1ike
this bezause it appears to be much lecs precise than the original ifigures.
The length, width, and thickness are, respectively, 10,36 ¢m, 5,22 ¢m,
and 2.641 cm. These are all correct to the nearest hundredth ot a centimeter,
vec the answer 18 only correct to the nearest whole cubic centimeter. But
if you remember that all of tie original dimen=-ions were uncertain in the
last decimal place, and that uncertainties multiplied by uncertainties
compound the error, you can perhaps realize why any result carried further
than 14! cm?® would glve a false impression of the precision with which the
measurements were taken.

New let's try a division with attention to significant tigures.
Divide 866.38 by 27. According to rule 4(c¢), how many significant figures
should the quotient have?
(24)
A 2

B ¢



YOUR ANSWER =-- B

You are correct. All the rules for significant figures have been
observed in Group 2,

1.87 + 0.586 = 2.46 0.454 x 51 = 23
5.5 - 3,276 = 2.2 635 + 12 = 53

Note that no answer has more significant figures than the least
precise measurement. That's the way to do it!

NOTEBOOK CHECA

" Refer to item 3, Lesson 2. You should have a sample showing how
attention is given to significant figures in addition. What was the sum
obtained in this sample?

(26)

A 34.82

B 1364.96
C 41.63

D 56.88



YOUR ANSWER ~-- B

"You are correct. To go from 0.074483 to 7.4483, the decimal
pcint had tc be moved 2 places to the right. Thus, the exponent of 10 is
~2, yielding 10~2 as the power of ten. _ '

A practice session is called fer here. We are going to mix numbers
greater than 1 and numbers smaller than- 1. Be careful! Check each of
the examples in the groups below. Then find the only group in which all
the expressions are entirely correct. :

Group 1 . Gfoug_g Group 3
4037 = 4,037 x 103 0.000856 = 8.56 x 1074 0.544 = 5.44 x 1071
0.0046 = 4.6 x 10™3  0,03306 = 3.306 x_10"2 1001 = 1.001 x 103
736.4 = 7.364 x 102, 1701 = 1.701 x 103 -, ©0.000008 = 8 x 10°
0.0707 = 7.07 x 107% *  6464.6 = 6.4646 x 10 245.33 = 2.4533 x 10
(35) . - o~
CNLS

A Group 1 is entirely correct.

B Group 2 is-entirely correct.

C' Group 3 is entirely correct.

~
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YOUR ANSWER --- C

units
hundreds tenths
tens hundredths
&
135.77 "cm

We have seen that the measurement expresses the length of a table
determined by a centimeter rule to the nearest hundredth or a centimeter.
We can then say this measurement is correct to 5 significant figures. This
precision is possible because the rule is divided into centimeters, and
further  subdivided into millimeters, or tenths of centimeters. The final
digit (the last 7) was obtained by estimating as closely as possible the
fraction of a millimeter by which the table extended beyond 135.7 cm.

Once we write 135.77 cm as the length, we have irrevocably
established the precision to which we are working. Our length is correct
to 5 significant figues, no more, no less. Should we wish to change the
expression to meters (by dividing the number of cm by 100), we do not
alter the number of significant figures: 135.77/100 = 1.3577. There are
still 5 significant figures. Hence the precision of the measurement
remains unchanged.

Pleasc return to page 91 and select another answer.



2 . ' - 96
YOUR ANSWER === A

You are correct. Ten billidn is:

10 » 1,000 x 1,000,000 = 10,000,000,000

!

There ate ten z2eros in 10,000,000 000 hence the exponent is 10,
and the power of ten is 1010,

NOTEBOOK ENTRY

5. Powers—of-10 and Scientific Notation

(a) The exponent of a number written as a power of ten indicates
the number of zeros following the "1.'"

Examples:
103 = 1,000, which has 3 zeros.

10° = 100,000, which has 5 zeros.

Please .go on to page 97.




Let's go ahead. Consider a number like 5,000. Since 5,000 is
5 x 1,000, we can write it this way:

5,000 = 5 x 1,000 = 5 x 103

Another example: 800,000 can be written several ways:

800,000 = 800 x 1,000 = 8G0 x 10>
or 800,000 = 80 x 10,000 = 80. x 10%
or 800,000 = 8 x 100,000 = 8 x 107
|

All of these ways of writing 800,000 are correct. In each of theze
expressions, the number before the 'x" sign is called the coeificient. In
the top expression, the coefficient is 800, in the middle cne it 1s 80, and
in the last expression it is 8. In order to standardize our work in scientiric
measurements and calculations, we establish the following Sule: The
coefficient should always bewricten as a single digit befoie the decimai
point. If a decimal point 1s not shown, it 1s understood at the end of
the number. Therefore, of the three ways of writing 800,000, shown abhove,

8 x 107 is the proper form for scientific notation.

Similarly, in scientific notation,

40,000 is written as 4 Xx 104
and 7,000,000 is written as 7 x 10

How would you write 600,000 in scientific notation?
(29)
103
A 600 x 10

B 6 x 105'




YOUR ANSWER —== A

If there were truly only 2 simnifilcant figures in 14.0 sec, why
shouldn't we write it as merely l4 scc? Doesn't the final zero in this case
show the timer was measuring to 3-significant fipure precision but the
last digit happened to be a zero? In other words, the zero is added to
show the watch can measure to tenths of seconds but that there were no
tenths left over in this particular measurement.

Please return to page 77 and select another answer.



YOUR ANSWER === C

A wild guess! It is not the answer. You had better review the
‘notebook entry.

_Please go on to page 100,

99



2 : 100

Look at the addition example below. Since the least prerise
measurement (18 37 g) contains 2 decimal places, all other measurements
should be rounded off to 2 deuimal places. -

18,37 g ————- 18.37 g
7,160 g m——mm= 7.16 g
5:432 g ————— 5o43 g

13,8624 g ——-~ 3.86 g

34.82 g

Subtractions are handled in exactiy the same way.

NOTEBOOi" ENTRY

3. Addition or subtraction with attention to significant figures:
(a) Convert all measurements to the same unit.
(b} Locate the least precise measurement (fewest number of decimal
places). Round all other measurements to the same number of
places. :

(c) Add or subtract the rounded values.

{d) For addifion or subtraction, the result should have thas same
number of decimal places as the least prec#se measurement.

(Also copy the addition example above as an illus;fation of rhe way this
operation is handled with regard to significant figures.)

- Please return to page 93 and select another answer.
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YOUR ANSWER =-- A

You are correct. In each item in Group 1, all rules were rigdfously
observed, Good work.

Now let's fulfill a promise made some time back. .
Yoﬁfwill recall there is one particular situation where you caunnot

tell how many significant figures there are in 'a number unless you know

the steps that led to the final value. For example, suppose you are handed

a sheet of paper on which is written, "'The street I live on is 5,000 ft.

long." :

What does this mean? 1Is. the street precisely 5,000 ft. long? Did
your friend use a measuring instrument that permitted 4-significant figure
precision? Or 3? Or 2? Thkere is no way to determine the answer just by
looking at the number.

_ You might ask, 'What did you use to measure thts length of the
street?" and be answered, "I estimated it by eye."

The eye is a voor instrument for measuring long distances, so a
justifiable conclusion would be, that the true length of his street might be
anywhere between 4,000 and 6,000 ft. Therefore, even the "5" in 5,000 ft.
1is uncertain. Thus the 3 zeros must not be significant. In scientific
notation, you could write the street length as 5 x 103. This way, you
have positively indicated that only the "5" is significant.

Please go on to page 102.

N\



2 . 102

Suppose you know fiom experience that your tilend has a good
"eye' for distances. “herefore you might assume that the "5" is certain
hut that the length could have been anywhere from 5,000 to 5,099. This
makes the fixst zerc cerxtain. Thus, the first two tigures are significant,
and the last 2 are_not. 7Y-u could show this by writing the length of the
street as 5,0 x 10°, Notice what was done, A 2erc was added after the
decimal point, thus making this zero significanc.

Let's go further. Assume that, your triend used a foot-rule 5,000
times in measuting the street., He had te be somewhat inaccurate, and
possibly missed a count or se. Anyway, you feel that the true street
length is somewhere between 5,000 and 5,010 ft. You're sure of the

""5,6_" portion, but the second zero 18 uncertain. Theretore, this

measurement has 3-significant figure precision. Now you can write the
street. length as 5.00 x 10- teet. .

You should have the 1dea now To express a number with a string
of zeros in scientific notation, vou tell your reader just how many
significant figures it contains by adding the correct number of zeros
after the decimal point.

Finally, if the street measurements were sutficiently precise to

depend upon within a foot or sc, this would give the number a 4-significant
figure value. :

How would you indicate that there were 4 significant figures?
(36)
A By wriring 5,000 fr.

B By writing 5.000 x 10° ft.
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N

YOUR ANSWER ==~ C

Close, but not good cnough. Make the measurement again, using
the 10-cm mark on the rule as the 1index, or starting point, Line this up
very carefully with one horizontal leg of the E; then make your estimate
carefully. Remember, you are supposed to be measuring the height of the
letter E. :

Please return to page 12 and select another answer.
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YOUR ANSWFR === C

You are correct. But how about significant figures? Look here:

2.6 m The "6" is uncertain.
12.56 m The "6" 1is uncertain.
0.397 m The "7" is uncertain.

15.557 m  In this sum, each digit of the decimal poction
( .557) has been obtained by addlng at least one uncertain digit tc the
others. Therefore, the entire decimal portion is uncertain. We have seen
that it 1s useless to express a measurement with more than aone uncertain
digit at the end of it, but this one has 3 uncertain digirs. What does thuis
suggest that we ought to do?

(17) |

i

A Leave the sum as it stands since there is nothing we can do
. about it. ‘

B Reund off the sum to 15.6 m.

- C Round off the sum to 15.5 m.



YOUR ANSWER —=- C

You ate correct. 108 means:
i0 x 10 x 10 x 10 x 10 x 10 x L0 x 10 = 100,000,000

.Count the zerecs in 100,000,000. There are 8 ot them. Thus, we may
conclude that in a power of 10, the numerical value of the power tells
you the number of zeros after the "{" in the numbero For example:

102 = 100 The "2" tells you that there are 2
) zeros after cthe "i" in "i00."
1011 = 100,000,000,000 The "1i" tells you that there are if

zeros after the "1."

106

In the United States, the word "billion" means one thousand million.

(Incidentally, in Great Britain, "billion' represents a million million.
We shall consistently use the U. S. equivalent.)

Which of -the powers of ten below expresses tem billion?
(28)
A 1010

B 1012



2 . . 107
YOUR ANSWER === C

Although you have expressed 300,000 correctly in scientific notation,
you have not shown that the number has 3 significant figures. To show this,
you must add 2 zeros after the decimal point (understood), giving you a total
of 3 significant figures in the coefficient.

Please return to page 115 and select another answer,
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YOUR ANSWER --~ C

You are correct. An ordinary ¢m rule cannot measure the width
of a doliar bill to 4 significant figures. The best it can dc is “provide
3 signifioant figules.

: Remember that the last figure in any measurement is always uncertain
since it is an estimate by eye. The question is, '"Can an ordinary cm .

rule give measurements of more than 3 significant figures in any measu:e-

ment?" You will note that we emphasized width of a dellar bill in the first -

sentence abeve. How about the length of the same b1117

Check us on this: A measurement with our rule gives the length
of a £¢llar bill as 15.58 cm. Your bill may be slightly longer or shorte:
than this (£1.5 mm). How many significant figures does this answer
contain?

(6}
A 2 ;
B 3



YOUR ANSWER --- A

This is the fifth sample, not the fourth.

If you ger even one notebook check wrong, you MUST be guessihg,

Below is a review of the «crrect listing for you.

Number Sip Figs ’
{.  0.1006 4
2. 143.00 - 5
5 0.0601 o3
4, 10.0 . 3
‘5. 4000.6 E
6. 672.115 ] 6
7. 80004, 5

8. 0,00008 1

Please return to page 62 and select another answer,

it0



YOUR ANSWER -~~ B

You arc correct. The rule in scientific notation 1s that the coefficient
should have only 1 digit before the decimal point. In 6 x 109 we really
have 6. x 107, but we normally do not write the decimal point 1in such cases.

Only one of the groups below.is entirely correct with respect to
.scientific notation. Which one is it?

Group 1 Gtouﬁ 3
600 = 6 x 102 30,000 = 30 x 107 90,000 = G x 10%
2,000 = 20 x 102 8,000 = 8§ x 100 3,000 = 3 x 303
90,000 = 90 x 103 200 = 2 x 102 , 400 = & » 102

(30)
A Group 3 1s entirely correct.
B Group 2 is'entirely correct.

C Group | is entirely correct.




2 e et e 112
YOUR ANSWER --- A

) No. You have the right idea about the position of the decimal
point, but you didn't count correctly the places moved by the decimal point.
Note:
6,450,000 = 6 . 45000 0 x 107
654321

How many places to the left did you move the decimal point to go
fiom 6,450,000 to 6.45?7 What should oe the exponent of 10?

Please return to page 117 and select another answer,
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YOUR ANSWER -~~~ B

Youbare correct. To be certain that you really have the idea, look
over the following‘additional axamples. All of these are correct.

8,000 precise to 1 sig. fig. = 8 x 103
25,000 precise to 2 sig. fig. = 2.5 x 10 .
25,000 precise to 4 sig. fig. = 2.500 x 10

270,000 precise to 2 sig. fig. = 2.7 x 10
270,000 precise to 3 sig. fig. =2.70 x 10°
270,000 precise to 6 sig. fig. = 2.70000 x 10°

We'll go back now to an example we used in an earlier part of this
lesson. You may remember that Beardon and Thomson, in 1955, measured
the speed of light precisely at 299,792.8 km per sec. In rounding this off
to 3 significant figures, we were forced to write 300,000 km per sec, but
this left us unhappy because a strung-zero number like this does not- ’
provide any information about significant figures.

Now you should be able to express this rounded-off number in
scientific notation so that anyone would know without doubt that the
measurement had 3-significant figure precision, How would you do it?

37
A 3.00 x 10° km/sec
B 3.00 x 103 km/sec

C 3 x 10° km/sec



2 o : 116
YOUR ANSWER ==~ C
There is an error in the 3rd item of the group. It should read:

0.000008 = 8 x 10~6

Notice that the decimal point was moved to the right. This makes
the exponent negative, not positive. '

Please return to page 94 and select another answer.




YOUR ANSWER -=- A

Right. Good! You applied the scientific notation rule that the
coefficient must be expressed as & single digit before the decimal point
whether the latter is expressed cor implied.

Now you are ready to write more complicated numbers in scientitic
notation. Suppcse you want to express 175,000 in scientific notatien.
First, visualize the decimal point at the end of the number; thus:

175,000. -

Next, move the decimal point to the left uﬁtil there 1is one digit in
front of ic, thus:

1.75000
Since you have moved the decimal 5 places, you have really divided
the number by 100,000. To restore the number to its original vaiue, you
must now multiply it by 100,000, ot 10°. So we have:

175,000 = 1,75 x 109

Here are some additional examples:

86,600 = 8.66 x 10%
3,200 = 3,2 x 103
76,000,000 = 7.6 x 107

How would you express 6,450,000 in scientific notation?

(31)
A 6,450,000 = 6.45 x 10°.
B 6,4500,000 = 6.45 x 10°.

C 6,450,000 = 6.45 x 107.
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YOUR ANSWER ~-- A

This violates the firm and hard rule that unit conversions within
the same measuting system do not alter the precision of the initial
measurement. The original measurement was 8,45 cm, given to 3 significant
figures. In converting to meters, 3 significant figures are retained.

If you counted the second zero as significant, how many significant
figures would the result have? This would violate the conversion rule,
would it not?

Please return to page 24 and select another answer,



Q

‘ERIC

Aruitoxt provided by Eic:

YOUR ANSWER =—=- A

Group 1| contains 2 errors in significant figures.

43 .1 + 16.336 = 59.4

0,885 - 3
12.8 x 7
866 + 12

Please return

89.6

72.2

1i9e cne is iight.
This one 1s right, too.

This one *s wrong. The least precise
measurement is the "7 " This has cne
signiticant tigace; hente the asswe:
should be rounded ofr ts 90. The ero
in "90" 1s nor sipgniticant

This 1s wrong, tceo. The .east precise
measurement 1s the "i2", a 2-signiticant
figure. The answer, theretc:e, should
have 2 significant figures, that is, /2

to page 4 and select another answer.
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YOUR ANSWER --- B
This is the sixth sample, not the fourth

Even if you get cnly one notebcok check wrong, ysu must be guessing,
and you need to arrange your notebook more carefully.

Here s the correct 1list again.

Number : 58
1. 0.1006 4
2. 143.00 5
3, 0.0601 3
4. 10.0 | 3
5. 4000.6 -5
6. 672.115 6
7. 80004, ' 5
8. 0.,00008 1

Please return to page 62 and select another answer.
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YOUR ANSWER —-- A

Why? " To what precision did the student measure the original pass
of 37.43 g? Wasn't this to 4-significant figure precision? Whatever he
does in his next step does not change the ability of the balance to measure
to the nearest hundredth gram. So, if he takes avay 0.43 g the remaining
sugar mass must be expressed to the same degree of precision as the
original if he wants to inform his teacher of his precision in measurement.

Please return to page 70 and select another answer,




YOUR ANSWER --- B

This 1is not correct, but we have to admit it is somewhat difficult
to understand the first time. Perhaps we can clear it up with another
example. Suppose Beardon and Thomson had obtained a value of 298,792.8
instead of 299,792.8 km per sec for the velocity of light. To round this
back to 3 significant figures, you take the last 4 digits (792.8), note
that this group is larger than 500, replace the 792.8 by 000, and add 1 to
the 8 of the group 298.

Write the rounded-back number on a piece of scrap paper and turn to
page 85, '

124
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AMP LESEON 2 ~25 - Tapé Segment L

Please teri %o Tare Se : " Lesson 2 e **re starting this worksheeto
Punch cut answers to thess guestions ecial AV Computer Cardo,

DATA ITEM A: The -exibock vaiue far tne velacity of i1ight 1s 300,CCC KmiBeco
The HSUTE a5 feor the veloellty of Light are: -

(1G81)  28G,776 (Birgs)
= ™ v IeTay ¢
(Fg49j 2990;9 ng$dK@ﬁ1$
(1951)  28G,79 QDhMuﬁa and Cohen)
(LG55; 20G,706 ‘Bearden and Thomson)
DATA ITEM Bs Ths wavelengih of green lines

53 angstrom units =
0

5
Q 009532 Cllo

QUESTIONS

2mih & Wwavel f.;btl ot

o If you were-te round back the number 49.648G¢ to 3 significdnt digits,
you would write it as ' ' ‘
thiage,
26 Pamp whiph m*“ﬁ a wavele ngrn 01 2J4O aﬂgbcram unics

2o 560 om A
CoGLG2 A5G om | o S
Uo“ﬁCﬂ””44O m . . ..v‘.“ v

han & acnclmeoe but ~arger thaﬂ & miil*méﬁre
speed o SCiEYo
"bm give p%e@ se descr;pcions of the celor“

ma“g_whsm‘pﬁap Ly hana eag be usad to measure ejapsed

tw

You mav new return to page 3 of the Srudy Guide
and ecnm:nua-w*mn the p:mgramo,

“ERIC

BA 7o Provided by ERIC



AMP LESSON 2 126 Tape Sesment 2

WORKSHEET

Piease listen to Tape Segment 2 of Lesson 2 befors starting this worksheet,
Punch out answers to these questions on special AV Computey cardo

DATA ITEM A Length of a U.S., daollar biils Top edge 15,60 om

Middle 15:60 cm
Botham 156,59 cm

QUESTIONS

b, Which ¢ne eof the statements below correctly applies to the data
taken in measuring the length of the dollar biil?
. A}
A The date is in error since the length of the biill could
not vary from 15,61 em to 15~59 Coo

B Each piece of datum contains 3 significant riguires because
the last digit in each 1s uncertalne.

c As a result of parallax, the last two digits in each
measurement are uncertaine.

D Each measurement has 4 significant figures with one
wacertain in each caseo :

5, The mean value of the measurements given in the Data Item above is

A 15558 cm
B 15059 &m
C 15,60 cm
D 15,61 em
E 15,62 cm

6o If dollar bilis were lald end-to-end in a straight Tine, haw‘many
of them would you need to streteh over 1 XKm?

About 640,
About 1,56C,
About 156,
About 15,6,
About 6,400,

HouQWw»

You may now return to page 91 of the
Study Guide and continue with the
program,
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AMP LESSON 2

DATA ITEM Az

" @ measursment L5 writiten as 260 ft, it may have
aT 4 ze gignificant digitse If it is
o it has 3 significant dig*t

QUESTIONS

70 The mumber of signifisant digits in the measurement: 5,280 't is

ndetesrminate
8. The wuumber of signiflicant di gLug in the measurement 65,200 grams

fewer than 3. )
3y by or 5, tut noe more than S,
Ffewey than 3 but more than 1.

mare than 3 bubt fewer than 5o
E nene of theke is correst,

in the measurement 186,000, mi

. q.} ' .- ) '
than 6 o
than 5o

You msy now veturn be page 7 of the Study
Gulde and =zontinwe with the programe

o

O

RIC

Aruitoxt provided by Eic:

Tape Segment 3

]

-~

)

s



AMP LESSON 2 128 Taps Segment &
f WORKSHEET
‘DATA ITEM As The number 5,000,000, onv 000 ,000,0060,00C,0C0 s 5 x L0

=

) e
DATA ITEM Be The number 0,000 GOG OOQAGOA 6-13 ie 6 w10 T,

10, Wsth che of the following is an advant dgE of soler
that was peld ncr expr essed nor implied in the -

" &  Less tendency to intreduce a”“idenudL ezru”‘(
B '+ Permits greater speed in solving arithmetic
C . Iz more >0ﬁvenxeht to use with a glide Lee ,
D  Enabies you to solve problems whish are net soludl
by means of ordinary notation in arithmetis, '
B A1 of the above were given individusily as adtantages
4

- of Sﬁ;e tific notation.

e

tle Express the veloclity of l*ghtg 1809005 mi/sec, in sc
uctations - This figure is ﬁorreot B tnwe= S¢gnliicant d

A 186 x JQJ 'ifscco

B _lBGb x 10% mi/séc,
. 1i86°x 107 mifsec.
D 1,86 x 10° mi/seco
E 1&80tx 196 mi/sec
12, Expwesg the pumber Co OOO G038 366 3ientif1¢ ﬁﬁtatidn with

TS nganicant digitse

A 80‘!4' b =’60

B 8o x-to“5
Cv»*BQB x 10 )
D 8,3 x 1 bs“é
B - Boh0 x 70a6

You may,nOW’retﬁrn te page 3G in
. the Study.Guide“ahd‘cantinﬂe
. E . with the program,

ERIC

Aruitoxt provided by Eic:

Mo

1Pie notation



AMP LESSON 2 -

IAS]

9 Tape Segment 5

WORKSHEET

DATA TTEM a: 10% = 0 oo 09 = g
102 = 1 006C 10T 041
0% = oc 107%= 0,01
Lot hG 10" 2= 0,003

. QUESTIONS

13, What is the equivalent of L8 raised to the first power?

A wBa
B ZeI
C Tea8
D o8
E 180

ilh, What is the equivaient cf 2608 yaised to the zerc power?

A 26,8
B 2,68
C - X
D (o268
E 220

15 What is the sguivalent of zerc raised to the first power?

Zers : _

There is no answers fthis is not a permissible processs.
Indeverminate. ‘ '

It may have any vaiue since zero is a variable,.

oo >

Please return tc page 67 and complete
the steps indicated there.

“Have aii your worksheet answers been punched out
or: the special AV Computer Card?
You cannot receive credit uniess
this has been done.




AMP LESSON 2
HOMEWORK PROBLEMS

LESSON 2

-
o .

1, Express each f the foiiowing in scientific notation:

5 €GO 0CC 00C GOC
@3 56

765& 32.

T, S T
o e gD
el o Nt Nt S

2o Bxpress sach of the reilowing in sol enth ¢ notatl

;(a) Ce35

(b) ¢.C035
(2} GoQCQ3Cs
(a) Go300C5
(e} L7636

3. Rewrite each of The foiiowing in standard arithmetis nctation:
(8 o2 3 Lot
(b} 7036 x 1070
(a} C 5.L0GCO x LG
{a} 6,80 x 1@6
{2} 9,u. g nct

L, 1Indicate the number of significant digits in each of the Zollow- )
inge If the number s indeterminate, lndicate with the letter "I%,

(a) 60CC 1in

(b 2502 m

(a) 15.02 m

(d) ©0,0023 fu

(e) 500400 mi

() 5604 sm

{g) 2,59 % LG, sec
{(h) LeCO x 107 hy
(i) ~2,400,

(3} 86,526

NOTE: Ail problems are to be solved
en standard 8-1/2 x i1 inch notebook paper and
numbered te correspond to the above designations,
The sovlutions must be submitted to you instruc<
tor before you may request the Post test for this
LE880, DBe sure to enter your name, section, date
ana identification number on the submitted work, .




